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The  photovoltaic  sector  in  Italy  in  recent  years  has  experienced  a  rapid  growth  also  in  the  primary  sector, 
thanks  to  substantial  incentives  guaranteed  by  energy  policies,  simultaneous  reduction  of  investment 
costs  and  tax  benefits. 

In  order  to  better  understand  the  growth  of  the  PV  industry  in  Italian  primary  sector,  the  aim  of  this 
paper  has  been  to  evaluate  the  economic  convenience  of  four  PV  systems  on  farm  buildings  located  in 
four  different  farms  of  the  north-western  coast  of  Sicily  and  realized  during  the  second  and  fourth  Italian 
feed-in  schemes.  For  each  feed-in  scheme  it  has  been  considered  a  PV  plant  that  sells  the  electricity  to 
the  grid  and  another  in  which  the  energy  generated  is  consumed  entirely  by  the  farm. 

The  results  show  a  clear  convenience  to  the  realization  of  investments  both  with  the  current  market 
conditions  and  at  the  variation  of  the  feed-in  tariff  or  the  investment  costs. 

©  2013  Elsevier  Ltd.  All  rights  reserved. 
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1.  Introduction 

Renewable  energy  sources  such  as  hydropower,  biomass, 
geothermal,  wind  and  solar  represent  a  viable  alternative  to 
traditional  fossil  fuels  both  for  the  benefits  in  terms  of  reduced 
impact  on  the  environment  and  for  their  ability  to  be  renewable 
and  not  subject  to  depletion  [1,2], 

These  energy  sources  contribute  to  the  achievement  of  targets 
set  by  the  Kyoto  Protocol,  limiting  the  consumption  of  fossil  fuels, 
reducing  the  release  of  greenhouse  gases  into  the  atmosphere  and 
avoiding  sanctions  for  signatory  States  in  case  of  defaults  [3], 


Abbreviations:  PV,  photovoltaic;  CE,  Conto  Energia;  CBA,  cost-benefit  analysis; 
NPV,  net  present  value;  DPBT,  discounted  payback  time;  IRR,  internal  rate  of  return; 
FiT,  feed-in  tariff 
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Over  the  last  years  renewable  energy  sources  have  had  a 
growing  impact  in  European  Union  electricity  production  after 
the  approval  of  Directive  2001/77/EC  that  provided  a  framework 
for  the  development  of  renewable  energy  technologies  in  Europe 
[4]. 

European  policy  in  support  of  renewable  sources  has  continued 
with  the  Directive  2009/28/EC  (better  known  as  the  “20-20-20” 
targets)  that  set  as  objective  for  EU  the  achievement  of  a  share  of  20% 
from  renewable  sources  in  2020  in  the  consumed  energy  mix  [5], 

According  to  the  latest  available  data,  in  fact,  the  energy 
produced  from  renewable  sources  in  2011  accounted  for  20.4%  of 
total  gross  electricity  production,  with  an  increase  of  48.7% 
compared  to  2005  (Table  1). 

The  diffusion  of  renewable  energies  is  due  to  the  their  reduc¬ 
tion  of  costs  that,  despite  are  higher  than  fossil  fuels,  are  also 
falling  more  rapidly,  helping  to  close  the  gap  between  these 
sources  of  power.  This  reduction  comes  from  the  efforts  of  policy¬ 
makers  to  support  the  development  of  renewable  electricity 
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Table  1 

Electricity  production  in  EU  (GW  h)  [6], 


Items 

2005 

2006 

2007 

2008 

2009 

2010 

2011 

Total  gross  production  (A) 
Renewable  sources  (B) 

(B/A)  x  100 

3,310,643 

450,910 

13.6 

3,354,764 

477,718 

14.2 

3,367,476 

509,836 

15.1 

3,371,287 

551,543 

16.4 

3,209,053 

585,652 

18.3 

3,346,283 

667,249 

19.9 

3,279,778 

670,387 

20.4 

Fig.  1.  Share  of  PV  electricity  production  in  renewable  sources  in  EU  [13], 


Table  2 

PV  sector  in  European  Union  (2011)  [14]. 


Country 

Cumulated 
capacity  (MW) 

Installed  capacity 
(MW) 

Electricity 
production  (GW  h) 

Germany 

24,875.0 

7505.0 

19,340.0 

Italy 

12,786.5 

9303.0 

10,795.7 

Spain 

4345.3 

402.0 

7386.0 

France 

2924.8 

1732.0 

2015.0 

Czech 

1959.1 

0.0 

2118.0 

Republic 

Belgium 

1391.1 

487.0 

1169.6 

UK 

978.3 

899.3 

252.0 

Greece 

631.3 

425.9 

610.0 

Slovakia 

488.2 

314.1 

20.0 

Bulgaria 

203.0 

170.7 

120.0 

Austria 

187.2 

91.7 

174.1 

Portugal 

158.5 

32.5 

277.0 

Netherlands 

145.0 

57.0 

100.0 

Others 

200.3 

80.9 

156.0 

Total  UE 

51,273.6 

21,501.1 

44,533.4 

technology,  either  through  direct  means  such  as  government- 
sponsored  research  and  development  (R&D)  or  by  enacting  poli¬ 
cies  that  support  the  production  of  renewable  electricity,  such  as 
renewable  energy  certificates  and  feed-in  tariffs  [7], 

The  expansion  of  the  energy  sector  related  to  renewable 
sources  is  due  mainly  to  the  development  of  PV  industry  which 
has  benefited  from  substantial  incentive  mechanisms  present  in 
various  countries  [8-10].  This  has  attracted  the  interests  of  many 
small  investors  and,  especially,  of  large  financial  groups  which 
have  decided  to  invest  in  solar  energy  [11],  playing  a  key  role  in 
European  energy  policies  [12], 

PV  sector  development  has  led  the  PV  industry  to  produce, 
within  a  few  years,  6.4%  of  electricity  deriving  from  renewable 
sources  (Fig.  1). 

The  main  European  country  for  the  electricity  production  from 
PV  panels  is  Germany,  which  in  2011  amounted  a  cumulated 
capacity  equal  to  24,875.0  MW,  accounting  for  48.5%  of  total 
capacity  in  European  Union  (Table  2). 

Italy,  with  a  cumulated  capacity  equal  to  12,786.5  MW,  is  the 
second  producer  of  electricity  from  PV  panels  (24.9%  of  the  European 
Union),  followed  by  Spain  (4345.3  MW),  France  (2924.8  MW),  Czech 


wind  photovoltaic 


Fig.  2.  Electricity  gross  production  in  Italy  (2010)  [15]. 


Fig.  3.  Electricity  gross  production  in  Italy  (2011)  [15], 


Republic  (1959.1  MW)  and  Belgium  (1391.1  MW).  These  six  countries 
account  for  94.2%  of  the  EU  cumulated  capacity. 

With  regard  to  electricity  produced  from  PV  systems,  these  six 
countries  provide  96.2%  of  the  EU  total.  In  particular,  Germany 
represents  the  first  countiy  with  19,340.0  GW  h,  followed  by  Italy 
(10,795.0  GW  h),  Spain  (7386.0  GW  h),  Czech  Republic  (2118.0  GW  h), 
France  (2015.0  GW  h)  and  Belgium  (1169.6  GW  h). 

Considering  PV  installed  capacity  in  2011,  however,  it  can  be 
observed  that  Italy  represents  the  main  country  with  9303.0  MW, 
followed  by  Germany  (7505.0  MW)  and  France  (1732.0  MW). 

Taking  into  account  last  two  years,  Italy  has  increased  the  share 
of  electricity  generated  from  solar  panels,  from  a  value  of  0.6%  to  a 
3.6%  (Figs.  2  and  3). 

The  sudden  diffusion  of  the  PV  industry  in  Italy  over  the  last 
times  is  imputable  to  the  Italian  feed-in  scheme,  better  known  as 
Conto  Energia  (CE)  that,  through  feed-in  tariff  (FiT),  has  rapidly 
expanding  the  share  of  PV  sector  in  overall  electricity  mix,  as  well 
as  in  other  countries  [16-19], 

Moreover,  the  growth  of  PV  sector  has  generated  a  positive 
effect  in  terms  of  employment,  creating  from  2002  to  2010  more 
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than  100,000  jobs,  of  which  about  20,000  direct  employees  with 
an  average  age  under  35  years  [20], 

In  2011,  however,  the  main  energy  source  is  represented  by 
conventional  thermal  which  represented  75.4%  of  the  total  elec¬ 
tricity  gross,  followed  by  hydropower  (15.8%). 

These  data  show  that  in  Italy,  despite  renewable  energy  sector 
provides  24.6%  of  the  electricity  production,  there  is  still  a  strong 
dependence  on  traditional  fossil  fuels. 

For  the  development  of  the  Italian  PV  sector,  over  the  last  years, 
a  key  role  has  been  played  by  agriculture.  The  primary  sector,  in 
fact,  increased  its  relevance  in  terms  of  installed  capacity,  passing 
from  9%  (2009)  to  15%  (2012)  of  total  Italian  installed  capacity 
deriving  from  PV  plants,  representing  the  second  sector  after  the 
Industry  (60%)  [21], 

The  growth  of  PV  plants  in  Italian  primary  sector  is  attributable 
to  the  inclusion,  by  public  legislator,  of  energy  production  from 
renewable  sources  among  activities  related  to  agriculture  that,  as 
such,  can  enjoy  a  range  of  tax  benefits  [22].  All  this  involves  lower 
business  risks  as  a  function  of  incentives  granted  by  public 
operator  [23],  This  decision  derives  from  the  fact  that  the  elec¬ 
tricity  production  from  renewable  sources,  as  well  as  the  PV  sector, 
makes  the  farm  more  competitive  and  sustainable,  diversifying 
income  opportunities  of  farmer  and  directs  it  toward  an  increas¬ 
ingly  multifunctional  role,  according  to  the  main  guidelines  of  EU 
agricultural  policy  [24], 

The  evolution  occurred  in  primary  sector  in  the  last  years, 
involved  mainly  the  PV  systems  on  farm  buildings.  At  the  end  of 
2012,  in  fact,  in  Italy  48%  of  the  PV  systems  is  placed  on  buildings, 
43%  on  ground,  6%  on  greenhouses  or  roofs/covers  and  the 
remaining  part  is  on  other  sites. 

This  growth  is  attributable  to  the  Italian  feed-in  scheme  that, 
starting  from  its  second  version,  granted  higher  values  of  FiT  to  the 
PV  systems  on  buildings  than  PV  plants  on  ground.  The  reason  of 
this  differentiation  is  that  among  the  various  types  of  possible  PV 
systems  the  placement  of  PV  modules  on  farm  buildings  avoids  the 
heavy  debate  on  the  destination  of  land  use  because,  unlike  the 
ground  systems,  it  does  not  subtract  areas  for  the  cultivation  of 
agricultural  products.  The  PV  systems  on  ground,  in  fact,  are  not 
only  in  competition  with  agricultural  activities  for  the  land 
occupation,  but  subtract  it  for  very  long  periods  (at  least  20  years) 
and,  what  is  worse,  compromise  its  fertility,  making  particularly 
difficult  a  future  recovery  for  agricultural  purposes  [25],  Moreover, 
incidence  of  PV  systems  on  buildings  increased  starting  from  2012, 
when  legislator  has  forbidden  the  installation  of  PV  systems  on 
agricultural  soil  [26]. 

PV  panels  installed  on  buildings  represent  a  solution  to  the 
problem  and  the  large  availability  of  areas  guaranteed  by  farm 
buildings  can  be  exploited  by  farmers  respecting  the  environ¬ 
mental  and  landscape  equilibrium  of  territory  for  the  benefit 
of  a  new  environmentally  sustainable  image  of  their  agricultural 
activity  [27], 

From  a  strictly  economic  viewpoint,  the  purchase  of  a  PV 
system  means  an  expenditure  of  capital  resources  at  a  given  time 
with  the  expectation  of  benefits  in  the  form  of  solar  electricity 
yield  to  be  paid/saved  to/by  the  user  over  the  useful  life  of  the 
system.  Any  economic  assessment  on  such  an  investment  requires 
a  calculation  of  the  involved  cash  flows  as  consistent  as  possible 
[28], 

Therefore  in  order  to  better  understand  the  growth  of  the  PV 
industry  in  Italian  primary  sector,  the  aim  of  this  paper  has  been  to 
evaluate  the  economic  convenience  of  four  PV  systems  on  farm 
buildings  located  in  four  different  farms  of  Sicilian  north-western 
coast  and  realized  during  the  second  and  fourth  CE.  For  each  feed- 
in  scheme  it  has  been  considered  a  PV  plant  that  sells  the 
electricity  to  the  grid  and  another  in  which  the  energy  generated 
is  consumed  entirely  by  the  farm  (net  metering). 


In  this  way  it  has  been  possible  to  evaluate  the  economic 
convenience  of  PV  systems  on  farm  buildings  according  to  energy 
destination  (sold  or  saved)  and  two  different  Italian  feed-in 
schemes. 

The  financial  indicators  used  in  the  economic  analysis  have 
been  the  net  present  value  (NPV),  the  discounted  payback  time 
(DPBT)  and  the  internal  rate  of  return  (IRR). 

All  PV  systems  have  been  realized  through  a  bank  loan  but,  in 
order  to  give  an  economic  evaluation  that  does  not  depend  by  the 
different  conditions  of  bank  loan  access,  the  financial  indicators 
have  been  calculated  by  considering  several  values  of  bank  debt: 
0%  (investments  realized  entirely  with  own  capital),  25%,  50%,  75% 
and  100%  (investments  realized  entirely  with  bank  loan). 

Finally,  in  order  to  extend  economic  assessments  to  a  range  of 
variability  related  to  different  scenario  hypothesis  it  has  been 
carried  out  a  sensitivity  analysis,  by  varying  the  investment  costs 
and  the  FiT. 


2.  Evolution  of  Italian  feed-in  scheme 

Over  the  years,  with  the  succession  of  feed-in  schemes,  there 
has  been  a  sudden  expansion  of  the  PV  industry  that  has  led  to  a 
reduction  of  price  for  the  PV  systems,  decreased  of  50%  in  Europe 
during  the  last  five  years  [29],  and  to  an  increase  of  the  objectives 
set  by  the  legislator. 

For  these  reasons  the  Italian  legislator  has  tried  to  find  a 
solution  to  balance  the  level  of  public  support  with  the  costs  of 
technologies,  giving  stability  and  certainty  to  the  market.  To  this 
end  tariffs  have  been  reduced  in  a  few  years  with  a  succession  of 
different  regulatory  interventions,  reflecting  an  inadequate  fore¬ 
cast  of  PV  industry  development  and  potential. 

The  Italian  feed-in  scheme,  called  also  Conto  Energia  (CE)  and 
aimed  at  the  incentive  of  electricity  production  by  PV  systems, 
nowadays  has  reached  its  5th  edited  version. 

Since  2005,  in  fact,  five  different  feed-in  schemes  have  became 
operational,  pushing  the  Italian  legislator  to  raise  the  threshold  of 
installed  capacity  derived  from  solar  panels  to  be  achieved  by 
2020  from  8  to  23  GW  [30], 

Unlike  previous  remuneration  policies,  with  the  approval  in 
2005  of  first  CE  revenue  grants  have  been  designed  for  PV  systems 
with  a  nominal  capacity  greater  than  1  kW,  over  a  period  of 
20  years  [31,32],  In  this  initial  stage,  value  of  PV  incentive 
depended  mainly  on  the  size  of  PV  systems  (Table  3). 

Tariff  is  aimed  at  ensure  a  reasonable  payback  time  and  it  is 
paid  through  a  withdrawal  in  energetic  bills  of  all  the  consumers. 

In  2007  second  CE  introduced  some  changes,  as  well  as  the 
simplification  of  bureaucratic  practices  to  obtain  PV  incentives,  a 
tariff  differentiation  based  on  typology  and  size  of  PV  plants  [33], 

In  particular,  specific  tariffs  assigned  to  PV  plants  on  buildings 
have  been  introduced  with  the  second  CE  that  distinguished 
partially  and  totally  integrated  PV  systems  according  to  the 
position  of  the  module  relative  to  the  roof  of  the  building. 

Moreover,  second  CE  introduced  tariff  increases  for  particular 
PV  plants  (replacement  of  eternit  or  asbestos,  PV  systems  realized 
in  public  school  or  health  facility,  etc.). 


Table  3 

Tariffs  (€/kW  h)  for  PV  systems  according  to  1st  Conto  Energia'1. 


Installed  capacity  (kW) 

PV  plants 

1  <P<20 

0.445 

20  <  P<  50 

0.460 

50  <  P<  1000 

0.490 

a  Values  referred  to  2005. 
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With  regard  to  the  second  CE,  the  highest  values  of  FiT  are 
related  to  PV  systems  with  a  nominal  capacity  from  1  to  3  kW 
(Table  4).  The  second  CE  established  that  the  values  of  FiT 
decreased  for  every  year  after  2008  of  2%. 

In  PV  systems  with  equal  installed  capacity,  highest  incentives 
were  granted  for  building-integrated  PV  systems  and  lower  tariffs 
for  PV  plants  installed  on  ground. 

In  2010,  with  the  approval  of  third  CE  [34],  it  has  been  defined  a 
further  distinction  of  PV  plants,  distinguishing  four  main  system 
categories:  (a)  PV  systems  on  buildings;  (b)  other  PV  systems; 
(c)  integrated  PV  plants  with  innovative  features;  and  (d)  concen¬ 
trating  PV  plants. 

Compared  to  second  CE,  the  third  CE  set  a  differentiation  of  FiT 
in  six  classes  related  to  the  installed  capacity  and,  for  PV  systems 
on  buildings,  it  has  resolved  the  distinction  between  partially  and 
totally  integrated  plants  (Table  5).  However,  highest  tariffs  have 
been  allocated  to  building-integrated  PV  (BIPV)  with  innovative 
features,  which  had  to  guarantee  the  installation  of  modules  with 
substantial  architectural  functions  (thermal  control  of  the  build¬ 
ing,  waterproofing,  resistance). 

In  2011  fourth  CE  [35]  did  not  set  substantial  changes,  but  just  a 
reduction  to  tariffs  allocated  to  PV  systems  commissioned 
between  1  June  2011  and  31  December  2016  and  a  simplification 
of  PV  systems  in  two  main  typologies. 

With  regards  to  fourth  CE,  the  legislator  has  set  values  of  feed- 
in  tariffs  lower  than  those  set  for  third  CE,  in  order  to  contain 
public  spending,  according  to  the  growth  of  PV  sector  attributable 
to  substantial  incentives  and  reduction  of  price  for  the  PV  systems 
(Table  6).  The  fourth  CE  established  that  the  values  of  FiT 
decreased  for  every  month  in  2011  and  for  every  six  months 
starting  from  2012. 

Furthermore,  fourth  CE  introduced  the  distinction  between 
“small  and  great  PV  plants”,  whereas  the  latter  was  obligated  to 
a  registration  in  a  specific  register  for  the  access  at  the  PV 
incentives. 

All  the  four  regulatory  interventions  include  feed-in  tariff  as 
type  of  remuneration  policy  to  encourage  PV  installations.  This 
kind  of  tariff  provides  a  fixed-price  contract  per  kW  h  of  generated 
energy  for  a  20  years  period,  to  which  it  has  to  be  added  the 
revenues  from  the  electricity  fed  into  the  grid,  subjected  to  price 
fluctuations.  In  alternative  the  electricity  fed  into  the  grid  can  be 


Table  4 

Tariffs  (€/kW  h)  for  PV  systems  according  to  2nd  Conto  Energia11. 


Installed 

capacity 

(kW) 

PV  plants 
on  ground 

PV  plants  on  buidings 
(partially  integrated) 

PV  plants  on 

buidings 

(integrated) 

1  <P<  3 

0.400 

0.440 

0.490 

3  <P<  20 

0.380 

0.420 

0.460 

P>  20 

0.360 

0.400 

0.440 

a  Values  referred  to  2008. 

Table  5 

Tariffs  (€/kW  h)  for  PV  systems  according  to  3rd  Conto  Energia 

a 

Installed  capacity  (kW) 

PV  plants  on  buidings 

Other  PV  plants 

1  <P<3 

0.402 

0.362 

3  <P<  20 

0.377 

0.339 

20  <  P<  200 

0.358 

0.321 

200  <P<  1000 

0.355 

0.314 

1000  <P<  5000 

0.351 

0.313 

P>  5000 

0.333 

0.297 

economically  offset  with  the  value  of  electricity  withdrawn  from 
the  grid  service  (net  metering)  [36], 

First  CE  set  a  threshold  of  20  kW  for  PV  systems  which 
demanded  net  metering  whereas  starting  from  third  CE  net- 
metering  raised  the  power  of  not  over  200  kW.  Therefore,  while 
in  the  other  countries  the  FiT  is  paid  only  for  the  energy  effectively 
sold  to  the  Utility,  in  Italy  the  producer  receives  a  FiT  for  the  whole 
produced  electric  energy  and  a  payment  for  the  part  of  electric 
energy  sold  to  the  Utility  [37], 

The  major  benefit  of  FiT  is  that  private  independent  producers 
receive  a  long-term  minimum  guaranteed  price  for  the  electricity 
they  generate. 

The  feed-in  tariff  is  used  in  many  EU  countries  because  it  seems 
to  be  the  most  effective  method  to  increase  the  diffusion  of  the 
energy  generation  systems,  as  it  ensures  a  long-term  investment 
with  a  low  risk  for  investors,  regardless  any  future  price  fluctua¬ 
tions  in  the  energy  market  [38-40], 

The  fifth  CE  [41  ]  has  been  the  last  feed-in  scheme  adopted  by 
Italian  government.  It  entered  into  force  on  August  2012,  after  that 
the  annual  indicative  cumulative  cost  of  incentives  has  reached 
6  billion  Euro.  Incentive  tariffs  of  this  feed-in  scheme  are  granted 
to  PV  plants  (divided  by  type  of  installation),  building  integrated 
PV  plants  with  innovative  features  and  concentrating  PV  plants. 

Unlike  the  previous  support  schemes,  the  fifth  CE  grants  an  all- 
inclusive  FiT  to  the  share  of  net  electricity  injected  into  the  grid 
and  a  premium  tariff  to  the  share  of  net  electricity  consumed  on 
site,  abolishing  net  metering  (Table  7).  Thus,  if  a  plant  generates 
electricity  for  self-consumption,  the  applicable  tariff  is  given  by 
the  sum  of  the  all-inclusive  tariff  for  the  share  of  net  generation 
injected  into  the  grid  and  of  the  premium  tariff  for  the  share  of  net 
generation  consumed  on  site. 

Moreover,  fifth  CE  introduced  the  obligation  of  the  subscription 
to  the  register  also  for  small  PV  plants. 

Starting  from  6  July  2013,  fifth  CE  has  ceased  to  have  effect, 
because  it  has  been  reached  the  indicative  cumulative  cost  of 
incentives  of  €6.7  billion  per  year. 

Currently,  Italian  government  allows  to  realize  PV  residential 
systems  deducting  taxes  from  50%  of  the  installation  costs  until  31 


Table  6 

Tariffs  (€/kW  h)  for  PV  systems  according  to  4th  Conto  Energia'1. 


Installed  capacity  (kW) 

PV  plants  on  buidings 

Other  PV  plants 

1  <P<  3 

0.387-0.274 

0.344-0.240 

3  <P<  20 

0.356-0.247 

0.319-0.219 

20  <  P<  200 

0.338-0.233 

0.306-0.206 

200  <P<  1000 

0.325-0.224 

0.291-0.172 

1000  <P<  5000 

0.314-0.182 

0.277-0.156 

P>  5000 

0.299-0.171 

0.264-0.148 

a  Values  between  June  2011  and  June  2012. 


Table  7 

Tariffs  (€/ kW  h)  for  PV  systems  according  to  5th  Conto  Energia'1. 


Installed  capacity 
(kW) 

PV  plants  on  buidings 

Other  PV  plants 

All  inclusive 
FiT 

Premium 

tariff 

All  inclusive 
FiT 

Premium 

tariff 

1  <P<  3 

0.208-0.182 

0.126-0.100 

0.201-0.176 

0.119-0.094 

3  <P<  20 

0.196-0.171 

0.114-0.089 

0.189-0.165 

0.107-0.083 

20  <  P<  200 

0.175-0.157 

0.093-0.075 

0.168-0.151 

0.086-0.069 

200  <P<  1000 

0.142-0.130 

0.060-0.048 

0.135-0.124 

0.053-0.042 

1000  <P<  5000 

0.126-0.118 

0.044-0.036 

0.120-0.113 

0.038-0.031 

P>  5000 

0.119-0.112 

0.037-0.030 

0.113-0.106 

0.031-0.024 

Values  referred  to  2011. 


Values  between  August  2012  and  August  2013. 
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December  2013,  looking  forward  to  a  new  regulatory  regarding 
other  PV  typologies  [42]. 

According  to  latest  available  data,  despite  the  continuous 
reduction  applied  to  PV  incentives,  there  has  been  a  continuous 
development  of  the  PV  industry,  realizing  536,919  PV  systems, 
which  correspond  to  an  installed  capacity  of  17,144,415  kW  (Fig.  4). 

The  growth  of  PV  sector  in  Italy  is  mainly  attributable  to  the 
capacity  installed  during  second  and  fourth  CE.  The  first  CE,  in  fact, 
has  been  characterized  by  a  capacity  of  163,431  kW,  while  with  the 
second  CE  it  has  been  installed  a  total  capacity  equal  to 
6,790,293  kW.  The  third  CE  has  been  characterized  by  an  installed 
capacity  of  1,565,486  kW,  while  the  fourth  CE  has  reached 
7,639,269  kW.  The  fifth  CE,  finally,  denotes  an  installed  capacity 
of  just  985,936  kW. 


3.  Methodology  and  case  study 

The  cost-benefit  analysis  (CBA)  is  a  financial  valuation  techni¬ 
que  used  to  predict  the  effects  of  a  project,  a  program  or  an 
investment,  verifying  if  from  its  realization  the  investor  can  obtain 
or  not  a  benefit  [44,45].  CBA,  as  an  alternative  to  traditional 
methods  of  economic  analysis,  represents  also  a  method  of 
ex-ante  evaluation  by  external  parties  that  have  to  decide  on  financial 
viability  of  investment  or  have  to  choose  how  to  allocate  scarce 
financial  resources  among  different  possible  investments  [46[. 

In  order  to  evaluate  the  economic  convenience  of  PV  systems 
on  buildings  it  has  been  carried  out  the  CBA  of  the  four  detected 
case  studies. 

The  objective  of  the  economic  analysis  is  to  determine  the  costs 
and  the  benefits  of  investment  and  to  quantify  with  the  determi¬ 
nation  of  appropriate  financial  indicators  the  economic  conveni¬ 
ence  of  four  PV  systems  [47].  The  discounted  cash  flows  generated 
from  each  investment  have  been  calculated  for  20  years,  equal  to 
the  period  in  which  incentives  are  granted  by  Italian  feed-in 
scheme. 

In  particular  the  financial  indicators  used  for  economic  analysis 
have  been:  the  net  present  value  (NPV),  the  discounted  payback 
time  (DPBT)  and  the  internal  rate  of  return  (IRR). 


1st  2nd  3rd  4th  5th 

Conto  Energia 

Fig.  4.  Installed  capacity  according  to  Conto  Energia  [43], 


The  NPV  represents  the  discounted  annual  cash  flows,  accord¬ 
ing  to  the  following  formula: 


NPV  =  2 


Ct 


t  =  o(l+r)r 


(1) 


where  Ct  represents  the  discounted  annual  cash  flows;  t  is  the  time 
of  the  cash  flow;  n  corresponds  to  the  lifetime  of  investment  and  r 
is  the  discount  rate  (the  rate  of  return  that  could  be  earned  on  an 
investment  in  the  financial  markets  with  similar  risk). 

According  to  this  financial  indicator  greater  is  its  value,  higher 
will  be  the  convenience  of  the  investment. 

The  discounted  annual  cash  flows  are  obtained  from  the 
difference  between  the  annual  revenues  (inflows)  and  costs  (out¬ 
flows): 

Ct  =  lt-Ot  (2) 


where  lt  represents  the  discounted  annual  cash  inflows  and  0t  is 
the  discounted  annual  cash  outflows.The  discounted  annual  cash 
inflows  are  calculated  by: 

It  =  Epv(FiT-\-Pu£pu)  (3) 


where  EpV  represents  the  annual  generated  energy  from  PV 
system;  FiT  corresponds  to  public  incentive  granted  per  kW  h  of 
generated  energy;  Pu  is  the  unitary  price  per  kW  h  to  be  paid  or 
saved  by  the  owner;  eru  is  the  annual  increase  rate  of  the  PV 
electricity  unitary  price  saved  by  the  owner,  while  in  PV  systems  in 
which  energy  is  sold  to  the  grid,  it  has  been  utilized  an  average 
value  of  electricity  price.The  discounted  annual  cash  outflows 
include: 


Ot-Cjv  +  fCm  +  COet  +  Qj,  (4) 

where  CPV  represents  the  initial  cost  of  PV  system  (if  the  invest¬ 
ment  is  realized  with  own  capital);  Cm  and  C,  are,  respectively,  the 
cost  of  maintenance  and  insurance  of  PV  panels;  ec  is  the  annual 
increase  rate  of  the  maintenance  and  insurance  PV  costs,  taken 
into  consideration  in  order  to  bring  the  costs  up  to  date; 
Qi  represents  the  quota  related  to  the  bank  loan  (if  the  investment 
is  realized  with  bank  loan).  It  is  clear  that  in  the  determination  of 
the  financial  index  acquires  fundamental  importance  the  choice  of 
the  discount  rate.  The  discount  rate  should  assume  values  applic¬ 
able  to  the  type  of  investment  under  consideration  as  a  function  of 
the  economic  and  financial  environment  which  is  referred  the 
evaluation.  In  order  to  perform  correctly  the  economic  judgment 
of  the  investment  convenience,  it  has  been  chosen  a  value  of  the 
discount  rate  equal  to  Weighted  Average  Cost  of  Capital  (WAAC). 
The  WACC  is  the  rate  that  a  company  is  expected  to  pay  on  average 
to  all  its  security  holders  to  finance  its  assets.  The  WACC  is  the 
minimum  return  that  a  company  must  earn  on  an  existing  asset 
base  to  satisfy  its  creditors,  owners,  and  other  providers  of  capital, 
or  they  will  invest  elsewhere.  In  our  case  the  WAAC  is  equal  to  5%. 

However,  this  financial  indicator  proves  to  be  unsuitable  for 
choosing  between  two  projects  with  the  same  NPV  but  different 
initial  cost  requirements  and  lifetimes  [48], 


Table  S 

Main  tecnichal-economic  characteristics  of  case  studies. 


Case 

Financing 

Annual  interest  rate  for  the 
loan  (%) 

PV  capacity 
(kW) 

PV  electricity  yield 
(kW  h  kW  1  year-1) 

Investment  cost 
(€/kW) 

Revenues 

FiT 

(€/kW  h) 

Electricity  sold/saved 
(€/kW  h)a 

A 

Bank  loan 

4 

20 

1500 

4500 

0.460 

0.140 

B 

Bank  loan 

4 

0.100 

C 

Bank  loan 

5 

2500 

0.268 

0.140 

D 

Bank  loan 

5 

0.100 

Values  referred  to  2012. 
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The  DPBT  represents  the  number  of  required  years  so  that  the 
cumulative  discounted  cash  flows  equate  the  initial  investment. 
This  financial  indicator  is  not  an  out-and-out  measure  of  the 
economic  convenience  of  investment,  but  rather  of  rapidity  in 
which  liquidity  reforms  itself,  because  it  does  not  consider  the 
discounted  cash  flows  generated  after  the  DPBT  and  it  may  hide 
sound  financial  opportunities  for  those  deciding  to  invest  in  a  PV 
system  [49], 

Considering  that  NPV  calculation  depends  on  the  reference 
discount  rate  used,  for  which  the  same  investment  may  be 
convenient  or  less  in  relation  to  its  value,  it  is  useful  to  consider 
as  financial  indicator  also  the  IRR,  because  its  value  does  not 
depend  on  the  reference  discount  rate  chosen  but  only  on  the 
entity  and  temporal  evolution  of  the  benefits  and  costs. 

The  IRR  is  the  discount  rate  at  which  the  discounted  benefits 
are  equal  to  the  discounted  costs,  determining  a  net  present  value 
equal  to  zero. 

Mathematically,  the  internal  rate  of  return  represents  the 
discount  rate  for  which  the  following  equation  is  satisfied: 


For  a  given  project,  the  IRR  equals  the  actual  interest  rate  at  which 
the  project  initial  investment  should  be  lent  during  its  useful  life 
to  achieve  the  same  profitability  [50], 

According  to  this  indicator,  an  investment  is  convenient  if  its 
IRR  is  higher  than  a  predetermined  reference  discount  rate  to 
which  the  investor  otherwise  could  invest  his  financial  liquidities. 

This  financial  indicator,  however,  can  be  calculated  in  the  event 
that  a  sequence  of  negative  discounted  cash  flows  (that  normally 
are  present  in  the  first  years  of  the  investment)  is  followed  by 
positive  discounted  cash  flows  [51], 

The  economic  analysis  has  been  carried  out  in  2012  on  four  PV 
systems  on  farm  buildings  located  in  four  different  farms  of  the 
north-western  coast  of  Sicily  and  realized  during  the  second  and 
fourth  CE,  the  two  Italian  feed-in  schemes  within  which  there 
have  been  the  highest  values  for  installed  capacity. 

For  each  feed-in  scheme  it  has  been  considered  a  PV  plant  that 
sells  the  electricity  to  the  grid  and  another  in  which  the  energy 


generated  is  consumed  entirely  by  the  farm.  Each  one  has  an 
installed  capacity  of  20  1<W  (Table  8). 

In  particular,  four  PV  systems  have  been  taken  into 
consideration: 

(A)  PV  plant  in  which  the  energy  generated  is  consumed  entirely 
by  the  farm  installed  during  the  second  CE; 

(B)  PV  plant  that  sells  the  electricity  to  the  grid  installed  during 
the  second  CE; 

(C)  PV  plant  in  which  the  energy  generated  is  consumed  entirely 
by  the  farm  installed  during  the  fourth  CE; 

(D)  PV  plant  that  sells  the  electricity  to  the  grid  installed  during 
the  fourth  CE. 

The  cases  (A)  and  (B)  have  been  realized  in  2008,  while  (C)  and 
(D)  in  2011. 

For  the  realization  of  PV  systems  have  been  used  multicrystal¬ 
line  silicon  panels,  a  less  expensive  material  than  the  monocrystal¬ 
line  one,  because  of  the  simpler  manufacturing  process  required, 
even  if  slightly  less  efficient  [52,53], 

For  the  purpose  of  energy  production,  it  has  been  considered 
an  annual  average  electricity  production  of  15001<Wh/kW  [54]; 
the  annual  PV  electricity  yield  generated  by  the  system  is  assumed 
to  decrease  every  year  by  0.8%  [55,56], 

The  lifetime  of  PV  plants  has  been  considered  equal  to  20  years, 
coincident  with  the  period  during  which  feed-in  tariffs  are 
granted. 

All  PV  systems  have  been  realized  through  a  bank  loan  for  a 
depreciation  period  of  10  years  but,  in  order  to  give  an  economic 
evaluation  that  does  not  depend  by  the  different  conditions  of 
bank  loan  access,  the  financial  indicators  have  also  been  calculated 
by  considering  several  values  of  bank  debt:  0%  (investments 
realized  entirely  with  own  capital),  25%,  50%,  75%  and  100% 
(investments  realized  entirely  with  bank  loan). 

The  annual  interest  rates  adopted  to  pay  off  the  bank  loan 
amounted  to  4%  for  PV  plants  installed  during  the  second  CE  and 
5%  for  those  installed  in  the  fourth  CE.  The  difference  observed  in 
the  interest  rates  is  due  to  the  different  conditions  of  access  to 
bank  loan,  which  have  worsened  in  the  last  feed-in  scheme  for  an 
unfavorable  economic  situation. 


Table  9 

Economic  analysis  results. 


Case 

100%  Bank  loan 

75%  Bank  loan 

50%  Bank  loan 

25%  Bank  loan 

Own  capital 

NPV 

IRR 

DPBT 

NPV  (€) 

IRR 

DPBT 

NPV  (€) 

IRR 

DPBT 

NPV  (6) 

IRR 

DPBT 

NPV 

IRR 

DPBT 

(€) 

(%) 

(years) 

(%> 

(years) 

(%) 

(years) 

(%> 

(years) 

(6) 

(%) 

(years) 

A 

108,747 

- 

0.0 

106,664 

39.47 

3.0 

104,581 

25.97 

4.5 

102,499 

20.84 

5.5 

100,416 

17.96 

6.5 

B 

87,516 

- 

0.0 

85,433 

33.54 

3.5 

83,350 

22.66 

5.5 

81,267 

18.37 

6.5 

79,185 

15.92 

7.5 

C 

89,616 

- 

0.0 

89,031 

57.58 

2.0 

88,446 

35.54 

3.0 

87,860 

27.79 

4.0 

87,275 

23.63 

5.0 

D 

64,767 

- 

0.0 

64,181 

44.63 

2.5 

63,596 

28.67 

4.0 

63,011 

22.85 

5.0 

62,425 

19.64 

6.0 

—♦-A  — B  -»-c  D 


Fig.  5.  Discounted  cash  flows  of  case  studies  with  100%  bank  loan. 
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With  regard  to  the  investment  costs  of  PV  systems,  over  the  years 
there  has  been  a  decrease  of  44%,  passing  from  a  value  of 4500€/kW  to 
one  of  2500€/kW.  This  decrease  is  attributable  to  the  expansion  of  the 
PV  sector  that  has  led  to  a  reduction  of  PV  panels  [57], 

Considering  these  investment  costs,  cases  (A)  and  (B)  has  required 
a  total  expenditure  of  90,000€,  while  the  plants  (C)  and  (D)  of  50,000€. 

The  annual  cost  of  maintenance  of  the  PV  panels  has  been 
estimated  equal  to  0.018€/kW  h,  while  the  annual  cost  of  insur¬ 
ance  amounted  to  0.4%  of  investment  costs  [58], 

As  regards  the  revenues  of  four  facilities,  for  each  PV  plants  it 
has  to  take  into  consideration  a  quota  deriving  from  the  FiT  plus 
one  deriving  from  the  sold  or  saved  energy.  The  cases  (A)  and  (B) 
have  granted  a  feed-in  tariff  equal  to  0.460€/kW  h,  against  a  value 
of  0.268€/kW  h  for  (C)  and  (D)  cases. 

Regarding  PV  systems  that  sell  the  energy  produced  to  the  grid 
((B)  and  (D)  cases),  it  has  been  considered  an  average  price  of 
electricity  of  0.10€/1<W  h.  For  PV  plants  in  which  the  energy 
generated  is  consumed  entirely  by  the  farm  ((A)  and  (C)  cases)  it 
has  been  taken  into  account  the  relative  savings  in  the  electricity 
bill  imputing  a  price  of  0.14€/1<W  h,  at  which  it  has  been  applied  an 
annual  revaluation  rate  equal  to  2.2%  [59],  This  revaluation  has 
been  also  applied  to  the  costs  of  maintenance  and  insurance  of  PV 
panels. 


4.  Results  and  discussion 

Financial  indicators  (NPV,  DPBT  and  IRR)  for  each  case  study, 
taking  into  consideration  PV  systems  realized  with  several  values 
of  bank  loan  and  own  capital,  are  shown  in  Table  9. 

Cases  (A)  and  (C)  (net  metering)  registered  values  of  financial 
indicators  most  convenience  within  each  feed-in  scheme  analyzed, 
because  the  savings  resulting  from  the  energy  consumed  have 
been  higher  than  the  revenues  of  the  corresponding  energy  sold  to 
the  grid. 

Financial  indicators  denoted  not  only  a  higher  convenience  of 
investments  that  consume  the  electricity  produced  (cases  (A)  and 
(C))  but,  except  NPV,  have  also  highlighted  best  values  for  PV 
plants  installed  during  the  fourth  CE  (cases  (C)  and  (D)). 

The  major  economic  convenience  of  cases  (C)  and  (D)  com¬ 
pared  to  (A)  and  (B)  ones  is  due  to  the  reduction  of  investment 
costs  (-44.4%)  occurred  between  two  different  Italian  feed-in 
schemes,  which  has  been  able  to  compensate  for  the  relative 
reduction  of  the  unitary  value  of  the  FiT  (passed  from  0.460  to 
0.268€/kW  h). 

The  PV  plants  realized  with  100%  bank  loan  showed  highest 
values  of  NPV,  ranging  from  a  minimum  of  64,767€  to  a  maximum 
of  108,747€. 


—♦—A  — B  D 


Fig.  6.  Discounted  cash  flows  of  case  studies  with  75%  bank  loan. 


-♦-A  -*~B  ~ C  D 


Fig.  7.  Discounted  cash  flows  of  case  studies  with  50%  bank  loan. 


— A  — B  — C  b 


Fig.  8.  Discounted  cash  flows  of  case  studies  with  25%  bank  loan. 


698 


S.  Tudisca  et  al.  /  Renewable  and  Sustainable  Energy  Reviews  28  (2013)  691-701 


For  these  PV  systems  has  not  been  possible  to  calculate  the  IRR 
as  it  is  in  the  presence  of  positive  discounted  cash  flows  from  the 
first  year  of  the  investment,  determining  a  DPBT  equal  to  zero 

(Fig.  5). 

The  high  revenues  of  PV  systems,  in  fact,  far  outweigh  the  costs, 
among  which  the  quota  to  extinguish  the  bank  loan  is  the  most 
representative  item. 

For  other  PV  plants  realized  with  several  levels  of  bank  debt, 
results  have  showed  a  decreasing  economic  convenience  of 
financial  indicators,  passing  from  75%  to  25%  of  bank  loan. 

The  NPV  registered  a  value  between  106,664€  (case  (A))  and 
63,011€  (case  (C)).  The  IRR  and  DPBT,  as  above  mentioned,  denoted 
higher  economic  convenience  in  PV  plants  realized  during  the 
fourth  CE.  In  particular,  case  (C)  showed  a  IRR  between  57.58% 
(75%  bank  loan)  and  27.79%  (25%  bank  loan),  while  DPBT  ranged 
from  2.0  to  4.0  years  (Figs.  6-8). 

The  PV  systems  realized  with  own  capital  showed  financial 
indicators  worse  than  their  respective  cases  realized  with  different 
levels  of  bank  loan.  The  initial  cost  of  the  investment  entirely 
supported  by  the  investor,  has  determined  a  value  of  NPV  between 
100,416€  and  62,425€  and  also  in  this  case  higher  values  are 
attributable  to  PV  systems  with  the  net  metering.  PV  plants 
realized  with  own  capital  denoted  a  DPBT  value,  that  graphically 
coincides  with  the  point  where  the  straight  line  representing 
discounted  cash  flows  intersects  the  axis  of  abscissas,  ranged  from 
5.0  to  7.5  years  (Fig.  9). 

As  regards  IRR  of  PV  systems,  it  has  been  observed  a  value 
between  a  minimum  of  15.92%  and  a  maximum  of  23.63%. 


5.  Sensitivity  analysis 

In  order  to  provide  a  more  exhaustive  economic  assessment  of 
PV  systems,  such  as  made  by  different  authors  [60-62],  it  has  been 
carried  out  a  sensitivity  analysis,  by  varying  separately  the  two 
main  parameters  that  affect  on  a  convenience  judgment  of  a  PV 
system:  the  investment  cost  and  the  FiT. 

For  each  parameter  two  different  scenarios  have  been  pro¬ 
posed,  imputing  values  lower  (Scenario  A)  and  higher  (Scenario  B) 
than  50%  compared  to  the  reference  cases,  determining  for  each 
PV  plant  new  financial  indices.  The  sensitivity  analysis  has  been 
carried  out  also  taken  into  consideration  the  annual  increase  rate 
both  for  the  PV  electricity  unitary  price  sold  or  saved  by  the  owner 
and  for  maintenance  and  insurance  PV  costs. 

The  simulations  are  shown  in  Tables  10  and  11. 

The  sensitivity  analysis  confirmed  for  all  PV  systems  and 
economic  convenience  also  increasing  the  investment  costs  or 
reducing  the  FiT  but,  as  well  as  for  economic  results,  showed  a 
decreasing  economic  convenience  of  financial  indicators,  passing 
from  100%  bank  loan  to  0%  bank  loan  (own  capital). 

As  regards  the  NPV,  the  two  hypothesized  scenarios  encoun¬ 
tered  the  same  percentage  changes.  The  PV  systems  realized 
during  the  second  CE  (cases  (A)  and  (B))  have  been  the  most 
sensitive  both  to  a  change  of  the  FiT  and  of  the  investment  costs. 
Within  the  same  feed-in  scheme  the  cases  that  sell  the  energy  to 
the  grid  ((B)  and  (D))  showed  the  greatest  percentage  variation. 
Comparing  the  two  parameters  taken  into  consideration,  it  is 
observed  as  a  FiT  variation  had  a  most  influence  on  the  NPV  value 


Fig.  9.  Discounted  cash  flows  of  case  studies  with  own  capital. 


Table  10 

Sensitivity  analysis  of  case  studies.  Scenario  A  ( -  50%). 


Case 

Parameter 

100%  bank  loan 

75%  bank  loan 

50%  bank  loan 

25%  bank  loan 

own  capital 

NPV 

(Euro) 

IRR 

(%) 

DPBT 

(years) 

NPV 

(Euro) 

IRR 

(%) 

DPBT 

(years) 

NPV 

(Euro) 

IRR 

(%) 

DPBT 

(years) 

NPV 

(Euro) 

IRR 

(%) 

DPBT 

(years) 

NPV 

(Euro) 

IRR 

(%) 

DPBT 

(years) 

A 

Investment 

cost 

155,717 

- 

0.0 

154,676 

118.57 

1.0 

153,635 

65.34 

1.5 

152,593 

47.59 

2.5 

151,552 

38.61 

2.0 

FiT 

34,220 

26.77 

11.5 

32,137 

14.55 

12.0 

30,054 

11.78 

12.0 

27,972 

10.31 

12.5 

25,889 

9.36 

13.0 

B 

Investment 

cost 

134,486 

- 

0.0 

133,445 

107.18 

1.0 

132,404 

59.38 

1.5 

131,362 

43.45 

2.5 

130,321 

35.37 

3.0 

FiT 

12,899 

12.09 

15.0 

10,906 

9.06 

16.0 

8823 

7.84 

16.5 

6740 

7.13 

17.0 

4658 

6.66 

18.0 

C 

Investment 

cost 

116,854 

- 

0.0 

116,562 

157.45 

1.0 

116,269 

85.20 

1.5 

115,976 

61.12 

1.5 

115,684 

49.03 

2.5 

FiT 

46,196 

- 

0.0 

46,611 

28.50 

5.0 

45,025 

20.67 

6.5 

44,440 

17.31 

7.5 

43,885 

15.31 

8.0 

D 

Investment 

cost 

166,225 

- 

0.0 

91,712 

132.67 

1.0 

91,420 

72.40 

1.5 

91,127 

52.34 

2.0 

90,834 

42.25 

2.5 

FiT 

21,347 

56.23 

9.5 

20,761 

16.68 

11.0 

20,176 

13.30 

11.0 

19,591 

11.62 

11.0 

19,005 

10.56 

11.0 
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(from  47.7%  to  94.1%)  respect  to  investment  costs  changes  (from 
30.9%  to  64.6%). 

The  DPBT,  as  well  as  the  NPV,  showed  the  greatest  differences 
for  cases  (A)  and  (B),  and  for  the  PV  systems  that  sell  the  electricity 
((B)  and  (D)).  In  particular,  the  decrease  of  the  investment  costs 
(Scenario  A)  determined  values  between  0.0  and  3.0  years,  while 
in  the  opposite  scenario  ranged  from  0.0  to  14.0  years.  The 
reduction  of  the  FiT,  vice  versa,  highlighted  a  DPBT  between 
0.0  and  18.0  years,  while  its  increase  showed  values  between 
0.0  and  4.5  years. 

Considering  the  IRR,  in  all  cases  a  reduction  of  50%  of  the 
investment  costs  (Scenario  A)  determined  an  increase  of  the  value 
of  IRR  between  19.45  and  99.87  points,  while  in  the  opposite 
scenario  the  increase  of  the  investment  costs  highlighted  a 
reduction  of  the  IRR  between  7.36  and  30.85  points.  Regarding 
the  FiT,  a  reduction  (Scenario  A)  showed  a  decrease  of  the  IRR 
value  variable  between  8.32  and  29.08  points,  while  the  opposite 
scenario  denoted  its  increment  ranged  from  7.95  to  31.76  points. 

The  results  of  sensitivity  analysis  showed  two  significative 
differences  between  NPV  and  IRR. 

The  first  difference  is  that  the  IRR  compared  to  the  NPV 
highlighted  that  the  detected  case  studies  resulted  more  sensitive 
to  the  variation  of  the  investment  costs  (especially  to  their 
reduction)  than  the  FiT,  causing  a  greater  variability  within  the 
same  scenario. 

The  second  is  that  according  to  the  IRR  the  PV  systems  installed 
during  the  fourth  CE  (cases  (C)  and  (D))  have  been  the  most 
sensitive  to  the  variations  of  investment  costs  in  both  scenarios. 

The  results  therefore  denoted  the  importance  that  assumed  the 
reduction  of  investment  costs  in  the  realization  of  a  PV  system. 
This  could  be  one  of  the  explanations  to  the  rapid  diffusion  of  the 
PV  industry  in  Italian  primary  sector,  confirmed  by  the  decreasing 
of  the  investment  costs  measured  in  recent  years. 


6.  Conclusions 

In  recent  years  Italy  has  highlighted  a  rapid  growth  of  the  PV 
sector,  in  correspondence  with  the  entry  into  force  of  the  feed-in 
scheme,  better  known  as  the  Conto  Energia. 

This  diffusion  has  also  affected  the  primary  sector,  where  many 
farmers  have  decided  to  install  PV  systems,  diversifying  their 
income  and  making  farm  increasingly  sustainable  and  multifunc¬ 
tional,  as  well  as  promoted  at  EU  level. 


The  growth  of  PV  plants  in  Italian  primary  sector  is  attributable 
to  the  inclusion,  by  public  legislator,  of  energy  production  from 
renewable  sources  among  activities  related  to  agriculture  that,  as 
such,  can  enjoy  a  range  of  tax  benefit.  This  evolution  affected 
mainly  PV  systems  on  farm  buildings  because  Italian  feed-in 
scheme,  starting  from  its  second  version,  granted  higher  value  of 
FiT  to  the  PV  systems  on  buildings  than  PV  plants  on  ground. 

In  this  context,  in  order  to  better  understand  the  rapid  expan¬ 
sion  of  the  PV  sector  in  Italian  primary  sector,  the  aim  of  this  paper 
has  been  to  evaluate  the  economic  convenience  of  four  PV  systems 
on  buildings  installed  in  different  farms  of  Sicilian  north-western 
coast. 

The  detected  PV  systems  have  been  realized  during  the  second 
and  the  fourth  CE,  the  two  Italian  feed-in  schemes  within  which 
there  have  been  the  highest  values  for  installed  capacity. 

The  results  showed  a  clear  economic  convenience  of  PV 
systems. 

In  PV  systems  realized  with  100%  bank  loan,  the  discounted  cash 
flows  resulted  always  positive,  determining  in  all  cases  a  DPBT  equal 
to  zero  and  the  NPV  value  ranged  from  64,767  to  108,747€. 

For  other  PV  plants  realized  with  several  levels  of  bank  debt, 
results  have  showed  a  decreasing  economic  convenience  of 
financial  indicators,  passing  from  75%  to  0%  of  bank  loan. 

Considering  the  cases  in  which  PV  systems  have  been  realized 
entirely  with  own  capital,  the  investment  costs  totally  supported 
by  the  entrepreneur  involved  values  of  DPBT  between  5.0  and 
7.5  years,  a  NPV  lower  (from  62,425  to  100,416€)  and  a  IRR  ranged 
from  15.92%  to  23.63%. 

The  financial  indicators  showed  a  higher  convenience  of 
investments  in  which  the  electricity  produced  is  consumed 
entirely  by  the  farm  (net  metering)  and,  except  NPV,  in  those 
realized  during  the  fourth  CE.  This  is  attributable  to  savings 
resulting  from  the  energy  consumed  that  have  been  higher  than 
the  revenues  of  the  corresponding  energy  sold  to  the  grid  and  to 
reduction  of  investment  costs  that  occurred  between  two  different 
Italian  feed-in  schemes. 

The  sensitivity  analysis  confirmed  for  all  PV  systems  an 
economic  convenience  also  increasing  the  investment  costs  or 
reducing  the  FiT. 

In  particular,  the  parameter  that  denoted  the  most  influence  on 
the  economic  convenience  of  PV  systems  has  been  the  investment 
costs,  highlighting  the  importance  that  its  reduction  occurred  over 
the  years  has  had  in  the  growth  of  the  PV  industry  involving  also 
the  Italian  primary  sector. 


Table  11 

Sensitivity  analysis  of  case  studies.  Scenario  B  (  +  50%). 


Case 

Parameter 

100%  bank  loan 

75%  bank  loan 

50%  bank  loan 

25%  bank  loan 

own  capital 

NPV 

(Euro) 

IRR 

(%) 

DPBT 

(years) 

NPV 

(Euro) 

IRR 

(%) 

DPBT 

(years) 

NPV 

(Euro) 

IRR 

(%) 

DPBT 

(years) 

NPV 

(Euro) 

IRR 

(%) 

DPBT 

(years) 

NPV 

(Euro) 

IRR 

(%) 

DPBT 

(years) 

A 

Investment 

cost 

61,776 

63.53 

1.5 

58,652 

16.85 

11.0 

55,528 

13.24 

11.0 

52,404 

11.42 

11.5 

49,280 

10.27 

12.0 

FiT 

183,274 

- 

0.0 

181,191 

69.07 

1.5 

179,108 

40.69 

2.5 

177,026 

31.00 

3.5 

174,943 

25.91 

4.5 

B 

Investment 

cost 

40,545 

23.13 

12.0 

37,421 

13.14 

12.5 

34,297 

10.70 

12.0 

31,173 

9.40 

13.5 

28,049 

8.56 

14.0 

FiT 

162,043 

- 

0.0 

159,960 

63.16 

1.5 

157,877 

37.55 

3.0 

155,794 

28.76 

4.0 

153,712 

24.12 

4.5 

C 

Investment 

cost 

62,378 

- 

0.0 

61,500 

26.73 

5.0 

60,622 

19.56 

7.0 

59,744 

16.43 

7.5 

58,866 

14.57 

8.5 

FiT 

133,036 

- 

0.0 

132,451 

89.17 

1.5 

131,866 

51.08 

2.5 

131,280 

38.28 

3.0 

130,695 

31.70 

3.5 

D 

Investment 

cost 

37,529 

- 

0.0 

36,651 

18.74 

10.0 

35,773 

14.60 

10.0 

34,894 

12.61 

10.5 

34,016 

11.38 

10.5 

FiT 

108,187 

- 

0.0 

107,602 

76.39 

1.5 

107,016 

44.42 

2.5 

106,431 

33.63 

3.5 

105,845 

28.03 

4.0 

700 


S.  Tudisca  et  al.  /  Renewable  and  Sustainable  Energy  Reviews  28  (2013)  691-701 


Acknowledgments 

This  paper  is  a  result  of  the  full  collaboration  of  all  the  authors. 
However  S.  Tudisca  wrote  paragraph  6,  A.M.  Di  Trapani  elaborated 
paragraph  1,  F.  Sgroi  wrote  paragraph  4,  R.  Testa  elaborated  paragraphs 
3  and  5,  while  R.  Squatrito  wrote  paragraph  2. 


References 


[1]  Ciorba  U,  Pauli  F,  Menna  P.  Technical  and  economical  analysis  o  fan  induced 
demand  in  the  photovoltaic  sector.  Energy  Policy  2004;32(8):949-60. 

[2]  Pearce  JM.  Photovoltaics— a  path  to  sustainable  futures.  Futures  2002;34 
(7):663-74. 

[3]  Karakosta  C,  Flouri  M,  Dimopoulou  S,  Psarras  J.  Analysis  of  renewable  energy 
progress  in  the  western  Balkan  countries:  Bosnia-Herzegovina  and  Serbia. 
Renewable  and  Sustainable  Energy  Reviews  2012;16(7):5166-75. 

[4]  Directive  2001 /77/EC.  European  Parliament  and  Council  of  European  Union. 
Available  from:  (http://www.eur-lex.europa.eu/LexUriServ/LexUriServ.do? 
uri  =  CELEX:32001L0077:IT:HTML);  2001  [accessed  26.02.13]. 

[5]  Directive  2009/28/EC.  European  Parliament  and  Council  of  European  Union. 
Available  from:  (http://www.eur-lex.europa.eu/LexUriServ/LexUriServ.do? 
uri  =  QJ:L:2009:140:0016:0062:it:PDF>;  2009  [accessed  26.02.13]. 

[6]  EurObserv'ER  (Observatoire  des  energies  renouvelables).  The  state  of  renew¬ 
able  energies  in  Europe.  Available  from:  <http://www.energies-renouvelables. 
org/observ-er/stat_baro/barobilan/barobilanl2.pdf);  2012  [accessed  21.03.13]. 

[7]  Popp  D,  Hascic  I,  Medhi  N.  Technology  and  the  diffusion  of  renewable  Energy. 
Energy  Economics  2011;33(4):648-62. 

[8]  Badcock  J,  Lenzen  M.  Subsidies  for  electricity-generating  technologies:  a 
review.  Energy  Policy  2010;38(9):5038-47. 

[9]  Couture  TD,  Cory  K,  Kreycik  C,  Williams  EA.  Policymaker's  Guide  to  Feed-in 
Tariff  Policy  Design.  Technical  Report  NREL/TP-6A2-44849.  National  Renew¬ 
able  Energy  Laboratory,  July  2010.  Available  from:  (http://www.nreI.gov/docs/ 
fyl0osti/44849.pdf);  2010  [accessed  22.07.13]. 

[10]  Kreycik  C,  Couture  TD,  Cory  KS.  Innovative  Feed-In  Tariff  Designs  that  Limit 
Policy  Costs.  Technical  Report  NREL/TP-6A20-50225.  National  Renewable 
Energy  Laboratory,  June  2011.  Available  from:  (http://www.nrel.gov/docs/ 
fyllosti/50225.pdf)  [accessed  22.07.13]. 

[11]  Szabo  S,  Jager-Waldau  A,  Szabo  L.  Risk  adjusted  financial  costs  of  photo¬ 
voltaics.  Energy  Policy  2010;38(7):3807-19. 

[12]  Biirer  MJ,  Wiistenhagen  R.  Which  renewable  energy  policy  is  a  venture 
capitalist’s  best  friend?  Empirical  evidence  from  a  survey  of  international 
clean-tech  investors  Energy  Policy  2009;37(12):4997-5006. 

[13]  EUROSTAT.  Statistical  database.  Available  from:  <http://epp.eurostat.ec.europa. 
eu/portal/page/portal/statistics/search_database);  2013  [accessed  04.03.13]. 

[14]  EurObserv'ER  (Observatoire  des  energies  renouvelables).  Photovoltaic  barom¬ 
eter.  Available  from:  (http://www.eurobserv-er.org/pdf/photovoltaic_2012. 
pdf);  2012  [accessed  01.03.13]. 

[15]  TERNA.  Statistical  data.  Available  at  (http://www.terna.it/default/home_en/ 
electric_system/statistical_data.aspx);  2013  [accessed  04.03.13]. 

[16]  de  la  Hoz  J,  Boix  0,  Martin  H,  Martins  B,  Graells  M.  Promotion  of  grid- 
connected  photovoltaic  systems  in  Spain:  performance  analysis  of  the  period 
1998-2008.  Renewable  and  Sustainable  Energy  Reviews  2010;14(9):2547-63. 

[17]  de  la  Hoz  J,  Martin  H,  Ballart  J,  Corcoles  F,  Graells  M.  Evaluating  the  new 
control  structure  for  the  promotion  of  grid  connected  photovoltaic  systems  in 
Spain:  performance  analysis  of  the  period  2008-2010.  Renewable  and 
Sustainable  Energy  Reviews  2013;19:541-54. 

[18]  Frondel  M,  Ritter  N,  Schmidt  CM.  Germany's  solar  cell  promotion:  dark  clouds 
on  the  horizon.  Energy  Policy  2008;36:4198-204. 

[19]  Frondel  M,  Ritter  N,  Schmidt  CM,  Vance  C.  Economic  Impacts  from  the 
Promotion  of  Renewable  Energy  Technologies.  The  German  Experience.  Ruhr 
Economic  Papers  no.  156.  Christoph  M.  Schmidt,  editor.  All  rights  reserved. 
Bochum,  Dortmund,  Duisburg,  Essen,  Germany;  2009.  ISSN  1864-4872 
(online),  ISBN  978-3-86788-173-9. 

[20]  ANIE-GIFI.  Costi  e  benefici  del  fotovoltaico.  Available  from:  (http://www.gifi- 
fv.it);  2011  [accessed  04.03.13]. 

[21]  GSE,  (Gestore  dei  Servizi  Energetici).  Rapporto  Statistico  2012  Solare  Fotovol¬ 
taico.  Available  from:  (www.gse.it/it/Dati%20e%20Bilanci/Osservatorio%20sta- 
tistico/Pages/default.aspx);  2013  [accessed  25.07.13]. 

[22]  Agenzia  Entrate.  Circolare  n.  32/E.  Available  from:  (http://www.agenziaen- 
trate.gov.it/wps/wcm/connect/3d5c030047839e308f89cfe33c46800f/cir- 
colare+32e.pdf?MOD=AJPERES>;  2009  [accessed  11.03.13]. 

[23]  Santeramo  FG,  Di  Pasquale  J,  Conto  F,  Tudisca  S,  Sgroi  F.  Analyzing  risk 
management  in  Mediterranean  Countries:  the  Syrian  perspective.  New  Medit 
2012;ll(3):35-40. 

[24]  Chel  A,  Kaushik  G.  Renewable  energy  for  sustainable  agriculture.  Agronomy 
for  Sustainable  Development  2011;31(1):91-118. 

[25]  Vieri  S.  Agricoltura  settore  multifunzionale  alio  sviluppo.  Bologna:  Edagricole; 
2012. 

[26]  D.L.  24/01/2012.  n.  1.  Decree  Law  of  Italian  Republic.  Available  from:  (http:// 
www.gazzettaufficiaIe.it/atto/serie_generale/caricaDettaglioAtto/originario? 
atto.dataPubblicazioneGazzetta=2012-03-24&atto.codiceRedaziona- 

Ie  =  012G0049&elenco30giorni  =  false);  2012  [accessed  24.07.13]. 


[27]  Mekhilef  S,  Faramarzi  SZ,  Saidur  R,  Salam  Z.  The  application  of  solar 
technologies  for  sustainable  development  of  agricultural  sector.  Renewable 
and  Sustainable  Energy  Reviews  2013;18:583-94. 

[28]  Talavera  DL,  Nofuentes  G,  Aguilera  J,  Fuentes  M.  Tables  for  the  estimation  of 
the  internal  rate  of  return  of  photovoltaic  grid-connected  systems.  Renewable 
and  Sustainable  Energy  Reviews  2007;ll(3):447-66. 

[29]  EPIA  (European  Photovoltaic  Industry  Association).  Solar  photovoltaics,  Com- 
petiting  in  the  energy  sector,  On  the  road  to  competitiveness.  Available  from: 
(http://www.epia.org);  2011  [accessed  08.03.13]. 

[30]  MSE  (Ministero  Dello  Sviluppo  Economico).  Piano  di  Azione  Nazionale  per  le 
Energie  Rinnovabili  deH'Italia;  2010. 

[31]  D.M.  28/07/2005.  Ministerial  Decree  of  Italian  Republic.  Available  from: 
(http://www.gazzettaufficiale.it/atto/serie_generale/caricaDettaglioAtto/origi- 
nario?atto.dataPubbIicazioneGazzetta=2005-08-05&atto.codiceRedaziona- 

le  =  05A07837&e!enco30giorni  =  false);  2005  [accessed  24.07.13]. 

[32]  D.M.  06/02/2006.  Ministerial  Decree  of  Italian  Republic.  Available  from: 
(http://www.gazzettaufficiale.it/atto/serie_generale/caricaDettaglioAtto/origi- 
nario?atto.dataPubblicazioneGazzetta=2006-02-15&atto.codiceRedaziona- 

le  =  06A01351&elenco30giorni  =  false);  2006  [accessed  24.07.13]. 

[33]  D.M.  19/02/2007.  Ministerial  Decree  of  Italian  Republic.  Available  from:  (http:// 
www.gazzettaufficiale.it/atto/serie_generale/caricaDettaglioAtto/originario? 
atto.dataPubblicazioneGazzetta=2007-02-23&atto.codiceRedaziona- 

le  =  07A01710&elenco30giorni  =  false);  2007  [accessed  06.03.13]. 

[34]  D.M.  06/08/2010.  Ministerial  Decree  of  Italian  Republic.  Available  from: 
(http://www.gazzettaufficiale.it/atto/serie_generale/caricaDettaglioAtto/origi- 
nario?atto.dataPubblicazioneGazzetta=2010-08-24&atto.codiceRedaziona- 

le  =  10A10236&elenco30giorni  =  false);  2010  [accessed  24.07.13]. 

[35]  D.M.  05/05/2011.  Ministerial  Decree  of  Italian  Republic.  Available  from:  (http:// 
www.gazzettaufficiale.it/atto/serie_generale/caricaDettaglioAtto/originario? 
atto.dataPubblicazioneGazzetta  =  2011  -05-1 2&atto.codiceRedaziona- 
le=llA06083&elenco30giorni=false);  2011  [accessed  06.03.13]. 

[36]  Tudisca  S,  Di  Trapani  AM,  Sgroi  F,  Testa  R,  Squatrito  R.  Assessment  of  Italian 
energy  policy  through  the  study  of  a  photovoltaic  investment  on  greenhouse. 
African  Journal  of  Agricultural  Research  2013;8(24):3089-96. 

[37]  Campoccia  A,  Dusonchet  L,  Telaretti  E,  Zizzo  G.  Comparative  analysis  of  different 
supporting  measures  for  the  production  of  electrical  energy  by  solar  PV  and  Wind 
systems:  four  representative  European  cases.  Solar  Energy  2009;83(3):2087-97. 

[38]  Couture  T,  Gagnon  Y.  An  analysis  of  feed-in  tariff  remuneration  models: 
implications  for  renewable  energy  investment.  Energy  Policy  2010;38:955-65. 

[39]  Del  Rio  P.  Ten  years  of  renewable  electricity  policies  in  Spain:  an  analysis  of 
successive  feed-in  tariff  reforms.  Energy  Policy  2008;36:2917-29. 

[40]  Lesser  JA,  Su  X.  Design  of  an  economically  efficient  feed-in  tariff  structure  for 
renewable  energy  development.  Energy  Policy  2008;36:981-90. 

[41]  D.M.  05/07/2012.  Ministerial  Decree  of  Italian  Republic.  Available  from: 
(http://www.gazzettaufficiaIe.it/atto/serie_generale/caricaDettaglioAtto/origi- 
nario?atto.dataPubblicazioneGazzetta=2012-07-10&atto.codiceRedaziona- 

le  =  12A07629&elenco30giorni  =  false);  2006  [accessed  24.07.13]. 

[42]  D.L.  04/06/2013.  n.  63.  Decree  Law  of  Italian  Republic.  Available  from:  (http:// 
www.gazzettaufficiale.it/atto/serie_generale/caricaDettaglioAtto/originario? 
atto.dataPubblicazioneGazzetta=2013-06-05&atto.codiceRedaziona- 
le=13G00107&elenco30giorni= false);  2013  [accessed  30.07.13]. 

[43]  GSE  (Gestore  dei  Servizi  Energetici).  Available  from:  (http://www.gse. 
it/it/Conto%20Energia/Risultati%20incentivazione/Pages/default.aspx);  2013 
[accessed  05.03.13]. 

[44]  Prestamburgo  M,  Saccomandi  V.  Economia  agraria.  Milano:  Etaslibri;  1995. 

[45]  Iacoponi  L,  Romiti  R.  Economia  e  politica  agraria.  Bologna:  Edagricole;  1994. 

[46]  Guerrieri  G,  Pennacchi  F,  Sediari  T.  Istituzioni  di  Economia  e  politica  agraria. 
Bologna:  Edagricole;  1995. 

[47]  Tudisca  S,  Sgroi  F,  Testa  R.  Competitiveness  and  sustainability  of  extreme 
viticulture  in  Pantelleria  Island.  New  Medit  2011;10(4):57-64. 

[48]  Talavera  DL,  Nofuentes  G,  Aguilera  J.  The  internal  rate  of  return  of  photovoltaic 
grid-connected  systems:  a  comprehensive  sensitivity  analysis.  Renewable 
Energy  2010;35:101-11. 

[49]  Perez  R,  Burtis  L,  Hoff  T,  Swanson  S,  Herig  C.  Quantifying  residential  PV 
economics  in  the  US-payback  vs.  cash  flow  determination  of  fair  energy  value. 
Solar  Energy  2004;77:363-6. 

[50]  Chabot  B.  From  cost  to  prices:  economic  analysis  of  photovoltaic  energy  and 
services.  Progress  in  Photovoltaics:  Research  and  Application  1998;6:55-68. 

[51]  Prestamburgo  M.  II  tasso  interno  di  rendimento  quale  criterio  di  scelta  tra 
investimenti  alternative  in  agricoltura.  Rivista  di  Economia  Agraria  1966;21 
(2):45-53. 

[52]  Meral  EM,  Dinger  F.  A  review  of  the  factors  affecting  operation  and  efficiency 
of  photovoltaic  based  electricity  generation  systems.  Renewable  and  Sustain¬ 
able  Energy  Reviews  2011;15(5):2176-84. 

[53]  Kalogirou  SA,  editor.  Waltham:  Academic  Press;  2009. 

[54]  ENEA  (Agenzia  Nazionale  per  le  nuove  tecnologie,  I'energia  e  lo  sviluppo 
economico  sostenibile).  L'energia  fotovoltaica.  Available  from:  (http://www. 
enea.it);  2006  [accessed  08.03.13]. 

[55]  Danchev  S,  Maniatis  G,  Tsakaniks  A.  Returns  on  investment  in  electricity 
producing  photovoltaic  systems  under  de-escalating  feed-in  tariffs:  the  case  of 
Greece.  Renewable  and  Sustainable  Energy  Reviews  2010;14:500-5. 

[56]  Lasnier  F,  Ang  TG.  Photovoltaic  engineering  handbook.  New  York:  Adam 
Hilger;  1990. 

[57]  Dinger  F.  The  analysis  on  photovoltaic  electricity  generation  status,  potential 
and  policies  of  the  leading  countries  in  solar  energy.  Renewable  and  Sustain¬ 
able  Energy  Reviews  2011;  15(1  ):713-20. 


S.  Tudisca  et  al.  /  Renewable  and  Sustainable  Energy  Reviews  28  (2013)  691-701 


701 


[58]  Fernandez-Infantes  A,  Contreras  J,  Bernal-Agustm  J.  Design  of  grid  connected 
PV  systems  considering  electrical,  economical  and  environmental  aspects: 
a  practical  case.  Renewable  Energy  2006;31:2042-62. 

[59]  ISTAT.  Indice  dei  prezzi  al  consumo  per  1'intera  collettivita.  Available  from: 
<http://sitis.istat.it/sitis/html/>;  2013  [accessed  11.03.13]. 

[60]  Talavera  DL,  Nofuentes  G,  de  la  Casa  J,  Aguilera  J.  Sensitivity  analysis  on  some 
profitability  indices  for  photovoltaic  grid-connected  systems  on  buildings:  The 
case  of  two  top  photovoltaic  European  Areas.  Journal  of  Solar  Energy 
Engineering,  Transactions  of  the  ASME  2013;135(l):17-27.  (art.  no.  11003). 


[61]  Cucchiella  F,  D’Adamo  I.  Feasibility  study  of  developing  photovoltaic  power 
projects  in  Italy:  an  integrated  approach.  Renewable  and  Sustainable  Energy 
Reviews  2012;16(3):1562-76. 

[62]  Talavera  DL,  Munoz-Ceron  E,  de  la  Casa  J,  Ortega  MJ,  Almonacid  G.  Energy  and 
economic  analysis  for  large-scale  integration  of  small  photovoltaic  systems  in 
buildings:  the  case  of  a  public  location  in  Southern  Spain.  Renewable  and 
Sustainable  Energy  Reviews  2011;15(9):4310-9. 


